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(54) COUPLING PROTEINS TO A MOOCFlED POLYSACCHARIDE 



The invention relate© to a method fbr coupBng 
proteins to a starch-derived modified polysaccharide. 
The binding interaction between the modified 
porysaccharide and the protein based on a oovalent 
bond which is the result of a coupling reaction 
between the terminal aldehyde group or a functional 
group of the modified polysaccharide motecuJo resulting 
from the chemical reaction of this aldehyde group and 
a functional group of the protein which reacts with 
aHehyde group or with the resulting functional 
fi"*jp- of the polysaccharide molecule. The bond 
directly resulting horn the coupling reaction can tie 
optionally modified by a further reaction to the 
aforementioned covalent bond. The invention further 
relates to pharmaceutical oompc*&lco6 that comprise 
conjugates formed in this coupling process and to the 
use of said conjugate* and oompodlioms for the 
prophylaxis, or therapy of the human or aroma) body. 
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WO 03/074087 PCT/EPO 3/02083 

Coupling protein 5 to a modified polysaccharide 

The rapid development in genetic engineering in recent 
decades has led to the new identification of a large number 
5 of genes for proteins having potential therapeutic benefits 
and to the possibility of producing without difficulty the 
corresponding gene product s r pure or nearly pure in 
relatively large quantities, with the aid of biological 
expression systems. 

:c 

However, it has emerged that the use of such proteins in 
practice, e.g. in diagnosis, therapy and for 
bio transforations, frequently meets with difficulties 
because the stability and solubility properties thereof, 
15 especially at physiological pK values, are often 
unsatisfactory. Two examples of such proteins are tumor 
necrosis factor 'rUF-or or intcrleJkin-2 . 

Solubility problems additionally occur very frequently in 
20 the expression ot glycoproteins in prokaryotic systems such 
as coli, because they are Chen expressed without the 
na r.ural glycosylaticn, resulting in a considerably reduced 
solubility in so.-r.e cases. This may maxe it. necessary to use 
considerably niore costly eukaryotic expression systems. 

25 

On therapeutic use in the body, many proteins are very 
quickly removed from the bloodstream or degraded. 
Systemically administered proteins having a molecular 
weiqht of pore than about 70 kD <oay be removed from the 
30 circulation by the reticuloendothelial system or specific 
interactions with cellular receptors » Smaller proteins 
having a molecular weight cf less than about 7D kD tray in 
addle ion be reraoved to a large extent by the glomerular 
filtration in the kidney {exclusion limit about 70 kOJ . 
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Aa approach foUcwed recertlv m • ■ 

twCenLA )r to eliminate tft«* dp^.r>^ 

Tzr: Hith ^ ^ — -° 

one ^1 -7 ' P ° lyethylenC — ***tran. on the 

one hand, it is possible by the coupling to increase th- 
-lecular wei ,hc above the threshold of 70 k3 , so t ^ £ 

"" denCe <> f — !« protein, can H 

d*,t«..i y increased, artd on , he ofcher ^ * 

"iir^'w" 11 ! bSnefiCial effe=tS Whic! > -V be connected 
with coupling o£ proteir)s to £uch polymers ^ 

■naming of please *eeog„it,on sit es and antWic 

on the one hand, it is possible thereby for tee therI pe T tic 
protein substantially to escape proteolytic degra ^ C 

o n t h other hand there ls substaRtlai 5uppr 9 eas d ^; 

-he induction of allergenic rea ,i-= ftn , » bfc 

therapeutic protein. Beyond £ Ircrea eX ° 9en ° U * 
weiohr r, _ - increase in molecular 

weight, protein, are thus protected by the presence of a 

zri: °: enzy:natic *»»-^» 0 ; te 
I :;jrr lf a rr ui:dtion - in aariy cases ' the 

arVtrT " ^ Pr ° tSinS iS increased, 

*»d the inur.ur.ogemcity and antigenicity falls, thereby. 

- di *^-«**- have been carried out wich 
polyethylene glycol or dextran, wic>, PFr * • 
c ,,, f[ , r „, . . * dn ' wiCh PF 'G being generally 

Preferred because it affords simpler products. 

Dexcran couplings have been described for only « few 

*™ suck aa - for — p-ina S :: ly Pla a SM : 

Z q T2 0 ; u aprOtinin - " owever ' d S . tC an conjugates ofte 
-how high allergeracity, presumably caused by dext™ 
degradation products, a low metabolic stability a . 
-y cases, low yields in the coupling reaction/ Z 
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led to none of these dextran coupling products being 
approved a3 yet for therapeutic use in humans or animals. 

Derivatizatior.s with PEG have been carried out considerably 
mote frequently, so that this method can now be regarded as 
standard for increasing the molecular weight of prozeins. 
Some of these derivatives are in various phases of clinical 
trials or axe already approved in the USA. PEG-heny>globi.n 
is currently in phase lit, as i3 a PEG addutrt of superoxide 
disarm tase (SOD) , which is the protein which has been 
investigated most in relation to polymer couplings. 
PEG-coupled asparaginase is already employed in the therapy 
of acute lymphocytic j eukemia . In 2001, PEG-inter f eror.-a 
was approved for the treatment of hepatitis C patients. 

On use of these PEC conjugates, however, side effects 
ranging frott unpleasant to dangerous have also been 
reported, such as pruritis r hypersensitivity reactions and 
pancreatitis* In addition, the biological activity of the 
proteins after PEG coupling is often very low and the 
metabolism of the degradation produces of PEG conjugates is 
st^li substantially unknown and possibly represents a 
health risk. 

WO 93/49S27 describe* conjugates of hemoqlobin which are 
formed by reacting the aldehyde groups of oxidatively ring- 
opened polysaccharides such a3 hydroxyethyls tarch or 
dextran with primary amine groups of the protein. However , 
in this case, the enployed polysaccharides act as 
polyfunctional reagents, resulting in a very heterogeneous 
product mixture with properties which are difficult to 
adjust. 

US patent 6,033,909 describes a process for coupling 
selectively oxidized hydroxycthyl starch to hemoglobin in 
DMSO. tor investigations have shown, however, that the 
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pr0dUCt - »~ obtained under the , ta 
-hus rosea ita biological activity. 

B*» is thus stUi a need for physiological! y wpU 

2 ; hich -«^it, « £ PCO , eins ca , be inFrov j 

ta ?iaSna r6SidenCe time ° f «« Proteins ca, be increase 

It is therefore a, object of che indention to provide such 

;:7" 1VBS t0 ^ ™d efficient presses 

fo. preparing such alternative protein derivatives. 

rnis objecc i, achieved according to the invention by 
h/droxyal^starcn^otein „, njugate . ^ * 

hva« C riT" ^ th3t ^ blnding inte »--" ^tveen the 
hydroxy^lkylstarch m ai ec „ le ar,d the protein is bassd or a 

covalenc boning -,bicb i, the result 0 f a cou P L ing faction 
bc^ean the terMnel aldehyde group, or a functional .roup 
dar.ved fro* thi . aldehyde group by £ . 

the hvdroxyalKylstarch molecule and a functional grouo. 

• Zll \ ^ reeCt With thiS 3ldeh ^ e *ro*p o t 

.unctronal qr oup derived thererro* of ehe 

nydroxyaixylstarch .olecule, of tha pcotein# wher? 
boncUng resulting directly i n th . coupling ieaction ^ 
,odrf,ed where appropriate by a further reactLon to g iv I 
the abovetnentioned covalent bonding. " 



The 



nventxon further includes pharmaceutic*, composition, 
whrch compr.se che3e conjqgatns . dIld , he use q£ 

ZlT T ^ C °^° Si ^ the prophylactic or 

Ltho tr6atment ° f hUraan ° S and 

»cthoc S for preparing these conjugates and composition. 

above 3 c r Pri5ir ' gly ^ "»* th. reactions described 

above can, w itfl a s , itaMe cho , ce of ^ ^ ^ 
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carried out in aqueous solution, thus allowing the 
biological activity of the proteins .in many cases zo be 
completely cr partly retained. 

Toe aqueous reaction medium for the coupling reaction is in 
this case preferably water or a mixture ol water and an 
organic solvent, where the proportion of water in the 
mixture is at least about 70% by weight, preferably at 
least about B0% by weight, more preferably at least about 
90% by weight , 

The molar ratio of hydroxyalkylstarch {HAS> to protein in 
the coupling reaction is usually about 20:1 to 1:1, 
preferably about 5;1 to 1:1. 

The xejnaining biological activity of the inventive 
hydroxyalkyl starch-protein conjugates, based on the Initial 
activity of the protein, is usually at least 40%, 
preferably at least 50%, more preferably at least 70%, even 
more preferably at least 90%, post preferably at least 95%. 

The hydroxyalky 1st arch (HAS ) employed according to the 
invention can be prepared by a known method, e.g, 
"nydrbxyaikylation cf starch at the C 2 and/or C« position of 
the anhydrcglucose units with alkylene oxide or 
2-chloroaikanol, e,g, 2-chloroethanol (see, for exanple, 
US 5,218,108 Cor the hydroxyethylation of starch), with 
various desired molecular weight ranges and degrees of 
substitution. It is also possible to employ any 
preparations obtainable commercially. The definition ot the 
aisyl qrouping in "hydroxyal kylstarcb", as used herein, 
includes methyl, ethyl, isopropyl and n-propyl, with 
particular preference for ethyl. A substantial advantage of 
HES is that it is already approved by the authorities as 
biocompatible plasma expander "and is employed clinically on 
a large scale. 
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he avetagQ molecular W6 igh, of the iiydroxyai]tyUtacch ^ 
oe „ h range rrom about 3 k0 t<> £overai a 

cne , ang « fros , ab3ui: A kD tQ . o kQ ^ 1 

fret about 70 *d to about I000 par Cicularly pre'er! y 

chosen so t„at ^ 0fted fch ^ 0 i\ 

coupling is possible « . pllirdaity of sice3 ot S ^ nCe 

polymer chaxns, instoad of oae of high molecular wei<jhfc 
ihe degree of substitution frat',> „r „k . q c> 

"Ore preferably abQU t 0 . 5 . {Note; ^ 
degree of substitution", which i3 bstW9en 0 and J" £ 

fro« 4 to i6/ preferably in the « n g e £rom 8 to 12 
E*per le n ce Wlth tfce use Qf hydwxye 

b ooc, Sub ci , u , as shQwa ^ fche r£stdence tim ( > as 
2 the F ,.as Ka depend, on the n-olecular weight and the 
^gxee of substitution and type of substitution <c! 

«x9ht. a higher degree of substitution and a hig , er 
Pcoport.on or C, substitution increasing the resided 

These relationships also ' apply to t „. 
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residence time of a particular conjugate in the plasma can 
be adjusted via the proportion of pclysaccharide* 

Hydroxveihyl starch products with an average molecular 
5 weight or 130 kP and a degree of substitution of 0.5, and 
with an average x-olecular weight or 200 3cD and a degree of 
substitution of 0,25, have already been user: clinically as 
blooc substitutes and are also suitable for use in the 
preaent invention. 

10 

The protein suitable in the present invention is in 
principle any protein which has the necessary functional 
group, e.g. a free amino group, thiol group or carboxyl 
group, for reacting with the functional group of the HAS 
lb molecule - 

A desired functional group can be introduced also by 
reacting the protein wit-h a suitable, physiologically 
tolerated, bifunctional linker molecule. The remaining 
20 reactive functional group of the cDuplec-on linker molecule 
i3 then likewise regarded as "reactive functional group of 
the protein* for the purposes of the present invention. 

Suitable linker molecules comprise at one end a grouping 
25 able to enter into a covaient bonding with a renctive 
functional group ot the protein, e.g. an amino, thiol, or 
carboxyl group, and at the other end a qrouping likewise 
able to enter into a covaient bonding with the terminal 
aldehyde group or a functional group derived therefrom by 
30 chemical reaction, e.g. a carboxyl group, activated 
carboxyl group, amino or thiol group. Between the two 
functional croups of the linker molecule chere is a 
biocompatible bridging molecule of suitable length, e.g. a 
grouping derived from an alfcane, an {oligo)alxylene glycol 
35 grouping or another suitable oligomer grouping! Preferred 
groupings able tc react with amino groups are, for example, 
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-N-iiydroxysucciniraicie esters 

esters, i mido escers Qr ' 5Jlt °- N - t 'y d ^o X y Su ccini J r i ide 

Pr-erre. 9 r 0upinaa able Z^J^T^TT ^ 
groupie aba* to re _ iCt wt _ . .°* Xyl ^ov ps; preferred 

^ J 6 -J-^doacetoHy, succinic ester, 

^BS ^^P-Pyloxy, succir.i B ide ester, 

E »CS N-LZl "^f yrylCXy ' ester) 

ester) y ' N h y»«xy8«ccunmide 

SMC * (succini„a dyl (K-^^ J 

j^^^^idoc-proyloxy^uifosuccini^de 



EMCS 



Examples 

functions are: " connecting S H and SH 

BMDB 



tinker «*lg OTXeB f0r connecting 
aMDS a - 4 " bis '^aleimLdohi,rane> 

Jbis^rr 1 ^: 1 ' 0 " 2 ' 3 " <,ihvdroityb ^ a ^> 

[t>4. s ^aleimidotiexsjie ) 

<i.6-hcxane-bi s - vinyi sulfone; 
Jl.^bis-maleiinidotriethylene glycol) 



D7M£ 
HBVS 
BM(P£0) 3 



QA 02476475 20M-09-CI 



Example© of linker molecules for connecting NH and Nil 
functions arei 

BSOCOES (bia • (2 -succinimAdyloxycarbonyloxy) ethyl) 
aul f one 

BS 3 (bis-(sul£c^uccinimi4yl) subcrate) 

DFDNB (1 .5 -difluoro- 2, 4 -nitrobenzene) 

DMA (dimethyl adipiwidate HCl) ) 

DSG (disuccinimidyl glutarate) 

OSS <di succ ininddyl suberate) 

EGS (ethylene glycol bis(guccinimidyl euccinate) , 

Examples of linker molecules for connecting SH and CHO 
functions are: 

BKFH (H- (B-maleimidopropionic acid>hydrazide TFA) 

EMCA (*j- <s-maleimidocaproic acid>hydrazide) 

KrtUll {U- (K-maleiRldoundecanoie acid) hydra zidc) 

WiC 3 H (4 - (N-maJLeimidomethyl) cyclofccxane - I - 

carboxylhydrazlde HCl) 
MPBir (4- (4 -tf-maleimidophenyl) butyric acid 

hydrazide HC1) 
PDPH (3 - U-pyridyldithio) propionylhydrazide) . 

An example of a linker molecule far connecting SH and OH 
functions is 

PMPI (N-{p-maleimi<lophenyl) isocyanaLe) . 

Examples of linker molecules for converting an SH function 

into a CCOH function are 

BMPA (N-B-maleimidopropionic acid) 

EMCK CN-S-maleimidocaproic acid) 

KMUA (N-K-maleiraidoundecatioic acid) . 

Examples of linker molecules for converting an KFH function 
into a COOH ■ function are MSA (methyl N-succinimidyl 
acipace) or longer-chain " homologues thereof or 
corresponding derivatives of ethylene glycol. 
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Examples of linkor 

"to an NH function are DAB tl 4 T""' 9 a C °° K functi °» 
Cham homology chereo£ or ( * ^"^butane) Cr lo , ger _ 
5 ethylene gly Co i. * co ^pondin g derivatives Qf 

° f * iinver Secure which 

r°; p of a - p~JL T P t:;;z s with - — 

* larger dis-^ce from thi^ . protfiU:e <* ^mo group at 
> hindrance is TFCS t^T^ * ""^ 
succininnde ester). la0roacec yl<=aproyloxy) , 

further suitable ainker mJ 

squired a,d depend^ or ° r can be Signed a* 

— red to the ms J ™ group3 present 

Prepared by * t0 be co «Pled or., and bo 

The term "protein" for t-h*. 

invention is tended . 0 i„ • ° f the e«t 

-hich comprises at ie ; st "1, ^ aCld aequence 

15 amino acids, ^r^Z^T " 

Pe r ticularly PrBrecabl ; r a e c fe ;; a biv « 25 ammo 

* - include flatural « ' " ^ ^ — 

glycoprotein,, Pho S?n oprotein-/" 0r '* °"' Pr °*> r -' 

derivatives, e.g. fus , 0n ° r s ^etic todifiec 

Proteins modified by «rJi glycoproteins, or 

fusion proteins Br I Engineering me thods, e a 

' eins ' protexns with a »4„„ . 9- 
introduce preferred coupli^ sites ^ ^ 6 * ch ^« to 

Por the Prophylactic or th 

or ani^i body , tke ^i^f^ treat <™t of the hn*a n 
Particular desired ^J tL Z " 1U - 

^refore preferably Z " ^ ^ Th * P-tein 

catalytic function, a ^ "J ^"P 1 *' a regulatory or 
r-ction or a function J the • " transport 

the TO ,e response or induction 
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of an immune response. 

rhe protein may be selected' for example frota the group 
composed of enzymes, antibodies , anrigens, transport 
b proteins, bioadhesion proteins, hormones, growth factors, 
cytokines, receptors, suppressors, activators, inhibitors 
or a functional derivative or fragment thereof. * Functional 
derivative oz fragment" means in this connection a 
derivative or fragment which has retained a desired 
10 biological property or activity of the parent molecule in 
whole or in part, e.g. to the extent of at least 10-30%, 
preferably fflore than 50%, even more preferably more than 
70%, raost preferably more than 90 s *. Particularly preferred 
examples of such a fragment are antibody fragments. 

15 

Specific examples are a-, or -y-interferon, interleukins, 
e.g. IL-1 to IL-I8, growth factors, e.g. epidermal growth 
factor (£GF), platelet growth factor {PDGF), fibroblast 
growth factor (FGF) , brain-derived growth factor (BDGF), 

20 nerve growth factor (NGF) , B-cell growth factor (BCGF), 
brain-derived neurotrophic growth factor {BDNH') , ciliary 
neurotrophic factor (CN7H, transforming growth factors, 
e.g. TG?-a or XGF-p, colony- stimulating factors (CSF> , e.g. 
GM-CSF, G-CSF, BKJ? (bone morphogenic proteins), growth 

25 hormones, e.g. homan growth hormone, tumor necrosis 
factors, e.g. TNF-cr or TNF-p, somatostatin, somatotropin, 
sonar omed ins, serum proteins, e.g. clotting factors 
il-XIXT, albumin, erythropoietin, myoglobin, hemoglobin, 
plasminogen activators*- e.g. tissue plasminogen activator, 

30 hormones or prohormones, e.g. insulin, gonadotropin, 
melanocyte-stimulating hormone Cor-MSH) , triptorelin, 
hypothalamus hecmcnes, e.g. antidiuretic hormones t ADH) and 
ocytocin, and liberins and statins, parathyroid hormone, 
thyroid hormones, e.g. thyroxine, thyrotropin, 

35 thyroliberin, prolactin, calcitonin, glucagon, glucagon- 
liice peptides (GZ^P-1, GLP-2, etc.), exendins, e.g* 
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integrins ^rp^ei;^ 310 ' 

yiyvoprcein hormones < ft „ LK 

Pigmentary hormones, lipoo-oteins Jh T • ' C -'' 

po F. t Apo-L., irmnunoglob-jlins, e o r*r r - . 

i9 D or a fragment thereof, w^/n < 

inhibitor, pMbt pcotetns> e t n ' tlS5Ue 

Proteinase inhibitor , ^^E*"-' 

-ceptors f « V™/^' ^ a PP-P^»te. 
functional derivative or , * Proteins; or a 

or receptors. fM9menC ° f ° ne ° f ««• proteins 

suitable enzymes n,ay be selected for ex-noi* * 
^Oups of carbohydrate-specific ^ ^ 

enry^es, oxidases ° P * C1 * 1C proteolytic 

^ou ses , lyT::; - i S0 ™~ 

Specific, non-re St r iC tive " ^ 

arginase, arginine deaminase L„ as P ara ^nase, 

g-utaininase, a ii,t-*»- ad e«°s i:)e deaminase, 

afltnonia- lyase k kinase, phenylalanine 

t^yptophanaso, tyros ina«« 

d^utase, an endotoxin***, , ^TJ 

kallikrein, trvD«ii« ,->, . catalase, peroxidase, 

lipase, ; :rd" ; z:: y T' eiast °* e ' ^ a 

^ucocerebrosidase, glucuron ^ ^ co ^ t0 ^ 
'•ctor, a ti saue plasminogen a ; tiv b a Va ^ rDni ? aSe ' tiss - 
urokinase, hap kina „ 3 act "* to - streptokinase, 

functional derivative! or 7 U « of — ^' «d 

1VatlVefl or fregDents thereof. 

As mentioned above, tha f,.*^- 

moled* involved in , K fu "*"«l group of the HAS 

VOIved in the co'jplin<j reaction < e ^ . 
sldehvdft aroiin ov ^ lcn As th * terminal 

- group or a group derived *->^ * 

reaction, ««-ved therefrom by chemicai 
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one example of such a chemical reaction is the selective 
oxidation of this aldehyde group with a mild oxidising 
agent such as, for example, iodine, bromine or some metal 
ions, or else by means of electrochemical oxidation to a 
carboxyl group or activated carboxyl group, e.g, an ester, 
lactone, amide, with the carboxyl group being converted 
where appropriate in a second reaction into the activated 
derivative. This carboxyl group or activated carboxyl group 
can then be coupled to a primary amino or thiol group of 
the protein to form an amide linkage or thioester linkage. 

In a particularly preferred preparation method, this 
aldehyde group is selectively oxidized with a molar excess 
of iodine, preferably in a molar ratio of iodine to HAS of 
from 2:1 to 20:1, particularly preferably about 5:1 to 6:1 , 
in aqueous basic solution. In the optimized method 
described in example 1, initially an amount of 
hydroxyalfcyl starch is dissolved in hot distilled water, and 
somewhat less than 1 mole equivalent' of aqueous iodine 
solution, preferably in a concentration of about 0.05-0.5N, 
particularly preferably about o/lN, is added. After this, 
an aqueous NaOK solution in a molar concentration which is 
about 5-15 tirr.es, preferably about 10 times, that of the 
iodine solution is slowly added dropwiae, at intervals of a 
plurality of minutes, to ^he reaction solution until the 
solution starts to become clear again after the addition. 
Somewhat less than 1 mole equivalen^ of the above aqueous 
iodine solution is again added to the reaction solution, 
the dropwise addition ot the NaGH solution is resumed, and 
the addition of iodine and NaOS are repeated until 
approximately 5-5-6 mole equivalents of iodine solution ar.d 
11-12 oole equivalents of tfaOH solution, based on the 
hydroxyalkylsrarch, hav/e been added. The reaction is then 
stopped, the reaction solution is desalted, e.g. by 
dialysis or ultrafiltration, subjected to a cation exchange 
chromatography, and the reaction product is obtained by 
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literature for similar coupling reactions, it bas 
surprisingly been found in this connection that on use oZ a 
ca rhodiixJ.de as a rule the use of otherwise obligatory 
further activators such es tria^oles, e.g. HOBt, is 
unnecessary 01 even makes ,the yields worse In too 
inventive coupling of ox-HES to various model compounds in 
the preserve of EDC and absence of HOBt by contrast it was 
possible to achieve nigh yields substantially .irrespective 
of the molecular weight of the HES (see examples) . 

Instead of the reaction of tho carboxyl group or activated 
carooxyl y^oup with a free primary amino group of the 
protein (e.g. of a lysine or arginine residue), an 
analogous reaction with a thiol group (of a cysteine) of 
the protein is also possible in principle, However, it must 
be taken into account in this connection chat cysteines are 
usually involved in S-S bridges and are therefore not 
available for a coupling reaction. If, on the other hand/ 
tree cysteines are present, they frequently play an 
important part in. catalysis or are involved in the contact 
site cf subunits. A modification of these cysteines will 
then result in partial or complete loss of the biological 
activity. This problem could be eliminated by introducing 
free cysteines by conventional genetic engineering methods 
such as, for example directed mutagenesis or chemical 
peptide synthesis at .tnose sites in the protein which are 
known tc play no part in the activity. Cptiraal control ot 
fhe coupling site is possible in this way. Targeted 
introduction of other reaction amino acids, e.g. Lys, His, 
Arg, Asp, Glu, into the protein would also be possible in 
the same way. 

The reactive group of the hydroxys 1 kylatarch cr.olecule can 
also be an amine or thiol group produced by chemical 
reaction of the terminal aldehyde group. For example , a 
reductive amination of the aldehyde group can be carried 
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r-^act. vith thiol groups are, fcr example r maleiaiide and 
carboxyl groups; preferred groupings able to react with 
aldenyde or carboxyl groups are, for example, amino or 
thiol groups. 

5 

A number or specific, non-restrictive examples of suitable 
linker molecules have already been indicated above with 
reference to the conjugation of linker molecules to the 
protein* 

10 

In an alternative inventive coupling method ot the present 
invention, the terminal aldenyde group is reacted directly 
with a primary amino group (e.g. of a lysine or axginine 
residue or of the N- terminus ) of the protein to fori?, a 

15 Schiif's base. The formed Schif f ' s base is, subsequent or 
parallel thereto, reduced by reaction with a suitable 
reducing agent, resulting in a bonding which is stable in 
aqueous medium between protein and HAS . Preferred reducing 
agents are sodium borohydride, sodium cyanoborohydridc, 

20 organic boron complexes, e.g. a 4- {dimethyiamino) pyridine- 
boron. complex, r» -e thy Idi is ©propylamine -boron complex, 
N-ethylrnorpho line-boron complex , N-methytrr.orphoiine-boron 
complex, N-pheriylmorpholine-bocon complex, lutidine-boron 
complex, triethylamine-bcron complex, triraer.hyl amine- boron 

25 complex; suitable stereoselective reducing agents are/ for 
example, sodium . triacetate borohydride, sodium 
triethylboronydride, sodium trimethoxyborchydride, 

potassium tri-sec-butylborohydridc (K-Selectride) , sodiim 
tri-sec-butylborohydride (N-Seiectride) , lithium tri-sec- 

30 butylborohydcide ( L- 5el.ee t ri de ) , potassium 

triamylborohydride (KS-Selectride) and lithium triaroyl^ 
borohydride (LS-selectride) . 

The yields can be improved by suitable variation of the 
35 reaction conditions. Parameters for such optimization tests 
are the pH of the reaction mixture (possible protein 
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degradation by airline borohydridei , 

duration of the inoubatior ar d ^«ature and 

<-l:e possibility cf c*™ • ««»rtft»r alternative is 
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Compositions of this type include a pharmaceutic lly 
effective amount cf a conjugate of the invention as active 
ingredient, acid a pharmaceutical.^ suitable carrier and, 
where appropriate, other therapeutic or pharmaceutical 
ingredients or excipients. Excipientn may include for 
example diluents, buffers, flavorings, binders, surface- 
active agents, th.icker.ers, lubricants, preservatives 
(including antioxidants) and substances which serve to make 
the formulation isotonic with the blood of the intended 
recipient. A pharmaceutical effective amount is the 
amount sufficient to display on single or multiple 
administration a desired beneficial effect during a 
treatment to alleviate, cure or prevent a pathological 
cencition. A pharmaceutical ly acceptable carrier is a 
carrier which is compatible both with the active 
pharmaceutical ingredient and with the patient' s body. 

The form of the composition will vary depending on the 
desired or suitable administration route. A preferred route 
is parenteral . administration, e.g. subcutaneous, 
intramuscular, intravenous, intraarterial, intraarticular, 
intrathecal, extradural injection or, where appropriate, 
infusion. intranasal, intratracheal or topical 
administration is also possible. Topical administration of 
growth factors conjugated according to the invention might 
for example speed up wound healing. The pharmaceutical 
compositions nay beneficially be supplied in the form or a 
dosage tr.it and be produced by any method well known in the 
pharmacy sector. 

The conjugates of the present invention can also be 
employed in all other sectors in which other protein- 
polymer conjugates, e.g. PEG-protein conjugates, have been 
used. Some specific, non-rest rictive examples are the use 
of an EtAS-protein conjugate as immobilized catalyst or 
reactant for a reaction in heterogeneous phase or as a 
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Detersilnatlon of the degree of oxidation: 

I ml of alkaline copper reagent (3.S g of NajPOq, 4 . 0 g of 
K Ka tat rate in 50 ml ox HzO r plus 10 ml of IN NaOH, 8.0 ml 
5 of 10% strength (weight /volume) CuSO*, solution and 0.0S9 g 
of K iodate in 10 nil of H2O, after addition of IB g of Ka 
sulfate, make up to 100 ml) are pipetted in each case into 
1 ail of sample solution under an atmosphere. The mixture 
is heated at 100 8 C for 4 5 minuses. After cooling, 0-2 mi of 

10 2-5% strength KI solution and 0.15 ml of 1 M E>SO< are 
added. After 5 rain, 1 drop of phenol red indicator solution 
<1% weight/ volume) is added, and titration is carried out 
with 5 mW Na 2 S;Oj solution until the color disappears. The 
concentration of unreacted aldehyde groups can be 

15 calculated from the consumption of titrant. 

An approximately quantitative yield was achieved <> 96%) ♦ 
It is possible by this procedure to oxidize 
hydro* yethyl starches with higher molecular weight (e,g. 
20 130 kD, 250 kD, 400 kD> just like hydroxyethylstarches with 
lower molecular weight (e.g. 10 kD, 25 kD, 40 kD) , in 
similarly high yields. 

EXAMPLE 2 

25 Selective oxidation of HES with Cu 2+ ions 

A solttion of 0-24 mmol of HES-130 kD was prepared in 10 ml 
of deionized water with heating. This solution was heated 
in a 100 cil round-bottomed flask to a temperature of 

30 70-80 *C, and 1.17 mmol of stabilized Cu 2 ' (e.g. Rochellc 
salt as stabilizer ox other stabilizers) and dilute aqueous 
NaOH solution was added (final concentration Q.15C NaOH) . 
The temperature was then raised to 100'C, and the reaction 
was allowed to proceed until a reddish color had appeared. 

35 The reaction was stopped and the reaction mixture was 
cooled to 4°C. The reddish precipitate was removed by 
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(yield > »„,. r _ •>"« miWuMm, 

u. =oi.o ti „ j;r t ^;T e by 61,18 c ° 
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Coupling of *el*ctiv*lv v* . 

Si irr in? very moderate ed *» *M. solution. Aftflr 

« «oc added. AftL ; tirr ;, Q ond portion of 30 ■» 

further two hours a v J * ■ ota *' 1 * *>* « 
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mixture was likewise dialyzed and lyophili* e d as described 
above. Analysis (as above) showed the coupling product was 
obtained,, but the yields were somewhat lower than in the 
coupling with high molecular weight ox-HES. 

EXAMPLE 5 

Coupling of ox-HES-130 kD to myoglobin (Mb) 

4.3 g of ox-HZS-130 kD were completely dissolved ir. water 
{6-7 m.I), and then 100 ng of Mb <Sig*a, Tauf kirchec) , 
dissolved in 10 mi of 0.1 M phosphate buffer (?H 7.0), were 
added. The coupling reaction was started by adding 30 rag of 
EDC. Addition of EDC was repeated every 2 hours until a 
tozal of 90 mg of the carbodiiitdde had been consumed. The 
reaction mixture was then dlalyzed against 50 irj* phosphate 
buffer, pH 7,0, and lyophilized. G?C showed a definite 
product peak, which was detected in the hold-up volume at 
450 nm. it was possible to calculate a coupling yield of 
88* trcra this. The oxygen-binding capacity of the hesylated 
myoglobin was about 76% of the binding capacity of 
unmodified Mb. 

EXAMPLE 6 

Coupling of ox-HES-lQ kD to superoxide dismutase (SOD) * 

One part by volume of an aqueous solution of ox-aES-10 kD 
(1.05 g/nl) was incubated with one part by volume of a 
7 ng/tnl SOD solution (Sigma, Teufkirchen) in SO mM 
phosphate buffer, ?H 7.8, at room temper a cure. The coupling 
reaction was initiated by adding 280 rag of EDC in 
5 portions over a period of 24 h. The progress of the 
reaction was followed by GPC analysis In phosphate buffer 
and detecticn at 280 nm. After 24 h, 81% of the protein 
were found in the higher molecular weight region of the 
separating column, and the reaction was stopped after this 
time. The reaction fixture was subjected to a diaf iltration 
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with a 30 tr* « A - 

spectroaietric anal yfiis 0 * thA ly°Phiiized. Mes3 
EXAMPLE 7 

Coupling of coc.hes^ _ 
3-8 k 5 of OX-HES-130 XD w*ro h ■ 

of 50 m phosphate buffer pH ,'7 "inimun amour.t 

«-5 <ng of EDC and 20 m „ 0 ' f , „ ' ' At rOOTa ^nture, 

sirring for a toui 24 h Zl n ^ ntBlnecl »*«. 9entle 
d ^ing, aboct 734 " • A «er dialysis eRd 

con jugato by GPC — <ou, d „ hes 

«-ioing, a d istinct inc re L L th ! f"^ SiiV ~ 
-« ptt >u„a,a „ as observa a b S : e ln ^ -^cul« of tne 

carbohydrate structure, w ere ' Parallel with this, 

^* di goxag e nin method. 
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65%. " revealed a coupling yielc , of 
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EXAMPLE 9 

Coupling of o*-HES-25 JcD to human tumor necrosis factor a 
(TNFa) 

5 0.3 mg of hTNFa (Sigma, Tauf kircben) were added to 86 mg of 
Jcd in about 0.4 nl of 0.1 H phosphate buffer (pH 
7.0). The cloudy solution was stirred for about 2 h before 
1 mq of ZDC and 0.5 tag of HOBt were added* Stirring was 
continued for about 6 h, with the solution becoming clear 
10 during the reaction tixce. The coupling product was isolated 
by ultrafiltration and freeze drying aftd analyzed by GPC 
and detection at 280 tun. A coupling yield of approximately 
•74% was foond in this case. 

15 EXAMPIaH 10 

Coupling of OX^HKS-130 3tD to glucagon- like peptide (GLP-1) 

7.4 g of ox-UES-130 kd were dissolved in a minimum volume 
of water by heating and gentle srirring. A solution of 

20 10 mg cf GT.P-l in the amide form (Bachem, Switzerland) in 
50 mM phosphate buffer , pH 7.4, was added by pipette. The 
reaction was started by adding 35 mg of EDO and was 
cautiously stirred for 2 h T This was repeated 2x more 
because, after this time, a peptide peak was no longer 

25 evident in the GFC analysis at 280 nm, i.e. approximately 
complete conversion to the coupling product had taken 
place. This coupiir.9 product was di a filtered using a 30 kD 
membrane and lyophilized from phosphate buffer solution. It 
was possible to conclude from the results of a MALDi mass 

30 spectroscopy that the stoichioraetry between peptide and RES 
was 1:1. 
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EXAMPLE XI 

Coupling ot high «olec u l ar ^ ight ^ {aBS _ 13 

serum alfcumiq ( H SA) ' human 

« 7 a) , and than so mg Qf hsa> diss - t-r 

Phosphate buffer < pH 7 .„ were add<Jd 1 £ °* «»■* * 

wa< atirr^i «-r*u -.eacLion mixture 

^ s scj,rrccJ with a maanor.-i c C Hr, & . m._ 

almost 36 h , a t* 0 ^ 3 re£Ctio " tin. of 

employed. The solution was - NaBHi " N had 

EXAMPLE 12 

coupling of low Secular weight ebs (HES -130 koi to h, 
serum albumin <HSA> ' t0 bUnum 

"•5 g of HES were completely dissolved in water u 5 .„ 
and 50 «, of HSA, di Sso aveo in 1 ml of 0 T M \ 
buffor <oH 7 4i , _ OE °- A M Phosphate 

„ o ; <PH 7 " ' ere added ' W«en the .solution w as clear if 
necessary effected bv stir^n^ • u lj - 
K-aBH, ,50-70 ^ earring wvch a magnetic stirrer, 

? . . ' '° ^ was and mixed in with oe„,.l 

stirring. The solution was left to st^ „<+u 
r„». ~ Stand Without stirrinn 

for c«o hours and then stirred r 0 , ~* ■ stl "inq 
hours as 'or t-Vi »"<reo ior _5 minutes every two 

mZ *l r ° n Wi " h high weiont hes 

^ri Ve rrrT: " t ubout m -» ~ 

been einploye<i ' * ^ ^ ° f 190 n 9 °* »*BH« had 

lyophiuTed'lalyts to; 0 ^/ 05 f" 
chromatography ar(f * ' ^ by ^ . P-«-«io.» 

grapny (G PC) , ar .a the yield was about 15%. 
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EXAMPLE 13 

Coupling of HES-40 kD to asparaginase 

3.0 g of KES-40 kD were completely dissolved in water 
5 (about 4 ml) . A solution of 8Q mg ol asparaginase (sie,ma r 
Taufkirchen) in 6 ml of 0,1 M borate buffer, pH 9.(1, were 
added thereto and stirred until the reaction mixture was 
clsar. The temperature was then raised to 37 *C and r after 
2 h, about 50 mg of KaSHaCM were added* This reaction cycle 
10 was repeated 3x more. The product was worked up by 
dialyzing clie reaction mixture against 0.1 M phosphate 
b'Jtfer, pH 7.4. The yield of ooupliny product was about 
61%, and about 73% of the* asparaginase activity was 
recoverable. 

15 

EXAMPLE 14 

Coupling of HBS-130 kD to huraan interleukin-2 (IX.-2) 

50 Tf,q ot HE5-130 kD wer^ completely dissolved in water 
20 (about 0.2 flU) . A suspension of 0.25 mg of hurr.ar* H*-2 
(Sigma, Tauf Jtirche^) in 0.2 mi of 0.1 M borate buffer, pH 
9.0, was added thereto and 3tirred until the reaction 
mixture was clear {4 h) • I mg portions of NaBHiCN were 
added at .intervals each of 4 h, and stirring was continued. 
23 After a further reaction r.iree of 24 h, the mixture was 
dialyzed against 0-1 K phosphate buffer/ pH 7.4 and 
lyophilixed. The yield of coupling product was abcut 42% 
according to GPC analysis. 

30 EXAMPLE 15 

Coupling of HES-130 kD to insulin 

4.0 g of HEb'-13D were completely dissolved in water 
(about 6 ml) . bb rog of insulin from bovine pancreas (Sigma, 
35 Taufkirchen) in 7.5 nl of 0,1 H borate buffer <pH 9-G), 
were added thereto and stirred at 37°C for about 24 h. The 
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reducing agent NaB« 3 C« (60 o, in 3 0 mi > -„- as siowly ^ 
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CLAIMS 



1. A hydrcxyalkylstarch-protein conjugate, characterized 
in that the binding interaction between the 

5 hydroxyalkylstarch molecule and the protein is based on 

a co va lent bonding which is the result cf a coupling 
reaction becveen U> the tercoinai aldehyde group, or a 
functional group derived from this aldehyde group by 
chemical reaction, of the fcydroxyaikylsrarch molecule 

10 and (ii) a funcxional group, which is able to react 

with this aldehyde group or functional group derived 
therefroia of the hydroxyaikylstarch molecule, of r.he 
protein, where the bonding resulting directly in the 
coupling reaction can be modified where appropriate by 

*5 a further reaction to give the above-mentioned covalent 

bonding . 

2. -The hydroxyalXylstaroh-protein conjugate as clained in 

claim 1, characterised in thst the functional group 
20 derived from, the terminal aldehyde group of the 

hydro*yalkyl starch snolecule by chemical reaction is one 
of 'he functional groups of a bifunctional linker 
molecule with which the terminal aldehyde group has 
been reacted. 

23 

3. The hydroxyalkylstarch-protein conjugate as claimed in 
claim 1 or 2, characterized in that the reactive 
functional group of the protean is one of the 
functional groups oz a bifunctional linker molecule 

30 which has been coupled onto the protein. 

4. The bydroxyalkylstarch-protein conjugate as claimed in 
clain ) or 2, characterized in rhat the reactive 
functional group of the protein has been introduced 

3 5 into the protein by recombinant modification of the 

original amino acid sequence. 
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». h . lstarch prj>teir ^ ^ 

c_aia, a, 3 or 4 r characterize in th ^ rho 
bonding is - he result 0 - _ ° . the 
c*->™.,i coupling reaction between a 

ca.boxyi group formed by aelee-iu* „ - • ■ ~ en a 

termina! aldehyde a-a™ ' , °« Q »tLo 0 of the 

■"."sr.yae g«.0up t or act^va k ed r-a -k i 

of the hydroxyalkvlst-^h * , cerboxyl group, 

xyaxKyistarch molecule and a ocimarv = m < 
group or thiol group of the proton. 

6- The conjugate as claimed in claim S ^ 

that the covalent ho.H • characterized tn 

th- result o- 9 " ^ * ,ade 1AnJf ^ e is 

ca;j;i u, ;; oup %r;d in h £eaction hTO ~ an act <— 

f-t^ Trhyd e r; cu b ; rr e h r ation ° f the 

-ecu,, an * . pri ^ y i 0 f~sr* 

characterized in tlat th* , ° r 4 ' 

t • covalent bonding i s an « m -«» 

linage which is the result at * 

between the t * , °* a co "P^"9 reaction 

the. terminal aldehyde group fll 
hydroxyalkyl starch molecule and a h ■ 
of the t>r«^i« . primary e^ino gro 

tne protein to form a <5<~hi w ^ 

of r he base z L sc ;r e ; and 

' ^rac°t njU9a ; e ^ ^ ^ ° f 1 to 7 

has a ^°*^^starch 

1145 a molecular wAirrh*- f« UiL 

about 1000 ». ' ^ ft031 « co 

The conjugate as claimed in claim ft 

that the hydroxvalV-, * u ' characte " 2 ed in 

iiyarocyaixyl^tarch molecule 
weight of about « tn about 50 k3 " 3 

' tl\ C : h eTd 38 Cl5lmed ^ ClalW 8 ' erized in 

1 the h y<Jfo«yalkyl st arch molecule ha. 
-i*>t of about 70 tc about 1000 K 
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. The conjugate as claimed in claim iO, characterized in 
that the hydroxyaJ fcylstarch nolecule has a rtoteculax 
weight of about 120 kD. 

. The conjugate as claimed in any of claims 1 to 11, 
characterized in that the hyclroxyaixylstarch molecule 
has a degree of substitution of about 0*2 to about 0-7. 

„ The conjugate as claimed in any of clains 1 to 12, 
characterized in that the hydroxyalkyl starch molecule 
has a ratio of C-* to C b substi C-iticn of from 8 to 12. 

. The conjugate as claimed in any of claims 1 to 13, 
characterized in that the hydroxyalkyl starch molecule 
is a hydroxyethylstarch molecule. 

5, The conjugate as claimed in any of claims 1 to 14, 
characterized in that the protein has a regulatory or 
catalytic function, a signal transmitting or transport 
function or a function in the inrnune response or 
induction of an immune response. 

6, The conjugal as clain>ed in claim 15, characterized in 
that the protein Is selected froir. the group composed of 
enzymes, antibodies, antigens, transport proteins, 
fcioadheslon proteins, hormones and prohormones, growth 
factors and growth factor receptors, cytokines, 
receptors, suppressors, activators, inhibitors or a 
functional derivative or fragrant thereof. 

7, The conjugate as claimed in claim 15 or 16, 
characterized in that the protein is o-, I*- or 
y-icterf eron, an interleukin, a serum protein, e.g. 
albumin or a clotting raccot, erythropoietin, 
myoglobin, hemoglobin, a plasminogen activator, BCGF, 
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BDGF, £GF, NGF, PDGF. RDNF r CHIT, TGF^, TG*-fl a 

coioay-stiimil^ing factor. a rl, s 

* 3 B MP, somatomedin, 

somatotropin, somatostatin, insulin, gonadotropin, 
«MSh, triptoreiin, prolactin, calcitonin, glucagon, fl 
ylucagon-like peptide, e.g. GuP-1 or Gi ?-2, exendin, 
Jeptxn, gastrin, secretin, an integrin, a hypothalamus 
hormone, e.g. an ADH, oxytocin, a liberie or stat'n, a 
thyroid hormone, e.g. thyroxine, thyrotropin, 
^hyrol.berin. a grovrth hormone, e.g. human growth 
hormone, LH, FSK, a pigmentary hormone, TNF-cr o^ TXF- p 
harudan. a lipoprotein or apoiipoprotein, e.g. Apo-b' 
Apo-E, Apo-i,, ar. oligolysine protein, an rgd protean' 
a lectin or ricin, bee venom or a snake venom, an 
immunotoxin, ragweed allergen, antigen E, an 
immunoglobulin, or a receptor for one of these oroteins 
or a functional derivative or fragment of one of these 
proteins ox receptors . 

• the conjugate as claimed in claim 15 or ^ 
characterized, in that the protein is an enzyme which 
se'ected from an asparaginase, arginase, arginine 
deaminase, adenosine deamina S e, glutaminase, 
glutammase-asparaginase, phenylalanine ammonia- ly ase 
tryp-opb.ar.ase, tyrosinase, superoxide dismutase 
endotoxinase, catalase. peroxidase, xalli^rein. 
trypsin, chymotrypsin. elastar-e. thermolysin, a lipase, 
uricase, adenosine diphosphacase, purine-nucleoside 
Phosphorylase, bilirubin oxidase, glucose oxidase, 
gxucodase. gluconate oxidase, galactose, 
g.ucocerebrosidase, glucuronidase, hyaluronidaae, 
tissue factor, a tissue plas:oinogen activator/ 
streptokinase, urokinase, an MAP kinase, DNAco, RNAse , 
lactoierrin, and functional derivatives or fragments 
thereof. 



A pharmaceutical composition comprising an effective 
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amount, of a conjugate as claimed in any of clain:s 1 to 
13 and & pharmaceutical ly acceptable carrier and, where 
appropriate, further excipients and active ingredients, 

5 20. The use of a conjugate as claimed in any of claims 1 to 
18 or a composition as claimed in ciaim 19 fcr the 
therapeutic or prevenrive treatment of humans or 
anin>als. 

10 2 : . A method for preparing a hydroxyalkyl starch -protein 
conjugate as claimed In any of claims I to 18, 
characterized in thar. a coupling reaction is carried 
out in aqueous solution between the terminal, aldehyde 
group, or a functional group derived team this alcehyd* 

15 group by chemical reaction, of the hydtoxyaifcylstarch 

cnoLecule and. a £ unrtioniil group, which is ehle to react 
with this aldehyde group or functional group derived 
there from of the hydroxyalkyistarch molecule, of the 
protein, and tae bonding resulting directly in the 

2C coupling reaction is modified where appropriate by a 

further reaction. 

22- The method as claimed in claim 21, characterized in 
that the reaction medium of the coupling reaction is 
2b water or a mixture of water and on organic solvent, 

where the water content uf the mixture is at least 80% - 

23. The method as claimed ir. clairc 21 or 22, characterized, 
in that the terminal aldehyde group of the 

30 hyuroxyaikylsrareri molecule is converted by selective 

oxidation into the corresponding carboxyl 
functionality, and the latter is subsequently reacted 
under activating conditions in aqueous solution with a 
free amino group of the protein, so that the 

15 bydroxyalkyistarch molecule is iinfced to the protein by 

an amide linkage . 
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pUnq reason is carried out in tie 
presence of a carbociindde . 

26. The niothod as ria'*^ *~ «• . 

w<aiHi characterized in 

that the carbodiiroide is l-n-H< M «-t , 
ethylcarbodii^de (EDC) . ^hyl^opropyl, -3- 

27. yne o.chod as ca aimed in claim 21 or 22/ ^^.^ 

Z IVt in to f0CR a schifrs bas *< «- 

rornea Schxft's base > 3 reduced t-n a , 

» co tiws amine, $o that 

protein oy an amine linkage. 

28. The method as claimed in r-i-<m o- 

- ^ ^ An clc:Lm 2 'r characterized in 

Mat the reducing aaenfc is • ^ . . 

. y MCUl iS sodium oprohvdricie 

..o*» cyanoborohy^lde or „ organic fcoron c^pL 

reac .. "»•-»« the couplmg- tod reduction 

reactions are carried out simultaneously. 

selectively oxidized at the terminal aloehyae g roup . 
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characterized in that the hydroxyalfcylatarch is reacted 
in a *ol ar ratio of iodine to HAS oc from 2>1 to 20:1 
in basic aqueous solution. 



n 



32. Th 3 m«U,ud as claimed in . olaim 31, characterized ... 
that Che molar ratio of iodine to HAS is about 5-1 to 
6:1. 

33. The method aa claimed in claim 31. characterized in 
that 

a) an amount of hydroxyalXylstarch ia dissolved in 
warm distilled water, and somewhat lees than 1 mole 
equivalent of aqueous iodine solution is added, 

b> NaOH solution in a molar concentration which is 
about 5-15 times that of the iodine solution is 
slowly added dropwiee, at intervals of a plurality 
of minutes, to the reaction solution until the 
solution starts to become clear again, after the 
addition, 

O somewhat less than 1 cole equivalent of aqueous 
iodine solution ia again added to the reaction 
solution, 

di the dropwiae addition of the NaOH solution i 3 
resumed. 

e) steps b) to d) are repeated until approximately 
B.S-6 dole equivalent* of iodine, solution and 
11-12 mole equivalents of WaOM solution, based on 
the hydroxyalkylstarch, have been added, 

f) the reaction is then stopped, and the reaction 
solution is desalted and subjected to a cation 
exchange chromatography, and the reaction product 
is obtained by lyophiiization. 

34. The method as claimed in claim 33. characterized in 
that the aqueous iodine solution is an approximately 
O.OS-0.5N iodine, solution. 
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The method as claimed in claim 33 or 34, characterized 
in that the molar concentration of the NaOH solution is 
about 10 times that of the iodine solution. 

A method" for preparing hydroxys iky lst.arch which is 
selectively oxidized at the terminal aldehyde grouu, 
characterized in that the HAS is oxidized in aqyeoLs 
alkaline solution with a molar excess of stabilised 
metal ions selected rroro Cu 2 " ions and Ag* ions. 



